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Introduction

Purpose

The purpose of this document is to provide
teachers, administrators. students, and parents
with samples of students” performances that
exemplity standards in relation to the 1994
Grade 3 Mathematies Performance-based
Assessment (PBA) Tasks. The commentaries
that accompany the samples highlight selected
features of the students” responses and show
how scoring criteria relate to students™ work.

Mathematics Assessment in 1994

The Grade 3 Mathematies assessment in 1994
collected information and reported on a range
of learning expectations. Three instruments
were used to collect information: the
achievement test. teacher and student
questionnaires, and performance-based
assessment tasks. The performance-based
assessment component is the specitic focus ot
this booklet,

Selection of Samples

The samples of students” work setected for
this booklet were used for training markers
during the July 1994 marking session of the
performance-based assessment. As such,
these examples generally illustrate the quahty
of students” work at cach of three tevels:

Does Not Meet the Aceeptable Standard,
Mecets the Aceeptable Standard. and Meets the
Standard of Exceltence.

Confirming Standards

The initial work of confirming the standards
that would govern the scoring of student
performances was undertaken by a group of
evperienced Grade 3 Mathematios teachers on
June 25 and 26, 1994, Their task was to read
a large enough sample of student responses to
select those that exemiplified the different
tevels of performance. A the same time,
these teachers prepared specitic notes tor ise

during the marking session. The Holistic
Scoring Criteria are given in Appendis A,

These teachers later served as group leaders
during the marking session. They used the
selected examples to set the scoring guidelines
and to train teachers for the-marking session.

Marking

Teachers were selected for marking on the
recommendation of their superintendents. Al
markers were teaching Grade 3 Mathematies
in the same school year that the performance-
based assessment was administered and had
done so for at feast two years,

Markers followed the agreed-upon standards
when scoring student responses. The overall
results are given in Appendin B.

General Description of the
Performance-based
Assessment

As part of Alberta Education’s broadened
assessment initiatives. a sample of 693 Grade
3 students from across the provinee
participated in the Mathematies Performance-
hased Assessment, 1994, The activity -based
assessment, using picture books and
nmanipulatives, was developed by Grade 3
teachers 1o assess a broad range ot sKitls not
casily measured using multiple-choice tests.
The problem-solving and writing activities
were designed to obtain vahuable information
about how students apply their knowledge in
mathematics when solving real-fite problems.

Background

The PBA activities were designed to
complement the muttiple-choice component of
the Grade 3 Mathematios Achievement Test.
which identities students” know ledge. shills,
and problem-solving abilities but reveals
nothing of the strategies students use.

Because a simgle test score does not give o tull
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picture of what students know and are able to
do. opportunity was given for them to respond
in different settings and different way s using
mathematical reasoning. Open-ended
questions allow responses that provide
evidence of ditterent levels of achieyement.

There are usually many approaches o solving
problems. The open-endedness of the
problems included in the PBA provided
students with an opportunity to think tor
themselves and to express their mathematical
ideas na variety of wavs, Each activity
called for students to construct their own
responses and to demonstrate the depth of
their understanding of mathematical concepts,
From an assessment point ot view, open-
cnded questions enable teachers to see
students” thinking.

According to the National Councit of Teachers
of Mathematios (1993, assessing
mathematical power goes beyond measuring
how much information children possess to
inchude their withingness to use, apply . and
communicate that information. The demand 1~
that children not oniy know mathernatics but
that they be able to use math in the changeable
world of their future. Math must be seen as
more than a set of facts and skitls 1o be
memorized and applicd. Tt must be seen as
communication and reaso-ng,

Oral and written Tanguage play s an important
role in developing mathematics. Children
make sense of their world through
communication with other people. Writing
and talking about their thinking allow s them
an opportunity to rehearse and internalize their
mathematical experiences. Written
communication can be a vatuable ol in
helping children move bevond mere
pertormance toward deeper understanding.
Communication ~hould not, however, be
limited o that of a written nature.
Communication may also be pictorial. spoken.
or dramatic and may . as such, be equalhy
usetul tor children to deselop their
mathematical thinking. For assessment
purposes. communication can give teachers
msight into what students know and are able
1o do.

Ultimatels . the purpose of assessmient is
multi-fuceted. Understanding studenty’
mathematical thinking, diagnosing students’
needs, and monitoring growth and
achicvement give teachers an opportunity o
improve programs. Assessment can be
prime learning opportunity tor both students
and teachers.

Administration

The assessment was administered to whole
class groups in regular classrooni settings with
both the classroom teacher and an assessment
administrator from the Student Exvaluation
Branch present. Students were asked o read w
book ina paired-reading situation and then
independently solve three problems related to
the context of the book. They were
encouraged o use whichever manipulatives
and other materials they needed to help them
sohve the problems. They were alvo asked o
reflect on their strategies and answers in the
testbooklet. Students were given as much
tme as was needed to complete the
assessment.,

Problems Used

Three problems were devetoped tor use m the
PBAL in addition to an inital warm-up
question. A variety of picture books were
available for student use. The test booklet
accompany ing cach picture book contained
the same basic problem tormat. The three
problems atlowed tor students o operate in all
three modes of learning (concerete. pictorial.,
and symboliey,

Fhe first problem required students to estimate
and then verity the estimate using stundard
and/or non-standard measuring instruments.
This problem was primarily designed 1o
cvaluate learnings in the Measurement. and
Operations and Properties components of
Girade 3 Mathematies, The accuracy of the
mital estimation was not specitically
cvaluated. A variets of manipulatives were
made invatlable to the students, Bingo chips
the exact size of the object presented i the
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problem were included as part of the
materials,

A variety of probiem-sofving strategies was
anticipated. These inctuded check.,
interpreting a picture. using manipulatives.
using a diagram. writing i number sentence.
counting. and performing necessary
operations. As part of the Looking Back stage
of problem solving. students were expected o
cyvplain their solution. A basic framework was
provided to give students a starting point in
the communication of their problem-solving
strategy . Towas not expected that students fill
the entire box made available nor was it
required that they use every boy provided.
The use of diagrams or writing was considered
an aceeptable form of communication.

The second problem was destgned o assess
students” ability to recognize wddition and
multiplication situations and te determine
strategy o solve the probiem presented. It
was expected that students might Took for and
continue patterns. write and solve i number

sentence. choose the appropriate opeaiion and
compute. or use numbers or words to deseribe
a mathematical activity. They could use
manipulatives. create mathematical symbols.
or draw pictures to solve the problem.
Students were asked o communicate what
they had done to solve the problem.

The third problem was designed to alfow
students to demonstrate their ability o sort
objects using self-generated criteria and to
construct o pictograph. Tt was anticipated that
students would use some or all of the
following problem-solving strategies:
interpret a picture. identity what was wunted
and given. identify eriteria for sorting. use
manipulatives to show a solution. collect data.
and use data to construct a graph. To wasess
the Looking Back stage of problem solving.
students were ashed to explain how they
clussitied the objects. Communication in
varicty of forms was considered acceptable
provided it was able to be interpreted within
the content of the problem.




Samples of Students’ Performance

Problem 1: Estimation

Sample A

Estimation problem from Alexander, Who Used To Be Rich Last Sunduy.
This solution was scored as “meets standard of excéllence.”

This response shows an understanding of the need to use consistent and appropriately sized
markers. and the need to cover the arca indicated by the problem. The explanation is very clearly
presented in a pictorial form indicating the use of an array to cover the rectangular base.
Communication in the form ot a diagram indicates an ability to apply the coneept of
multiplication to a problem situation.

\H

I estimate that — .~ . gum balls this size will cover the
bottorn of the box.

Check your estimmate. Show your work,

\%

I found out that =2 gum balls will cover the boettom ol the box.
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What did you do to solve the gum ball problem? You may use

words or pictures to explain.

L | First
2 ! Then

3 | Next

4 | Finally

L)




Sample B

Estimation problem from Each Orange Had 8 Slices.
This solution was scored as “meets standard of excellence.”

A clear understanding of the need to cover the rectangular base with a consistentdy -sized marker
is shown. The strategy used results inan array, without drawing cach and every bingo chip onto
the base. The ability to mark a row ot chips along the top and a row of ¢hips along the side and
to develop a mudtiplication sentence demonstrates an advanced leve! of imathematical thinking.
The strategy used to make the estimate and then verity it is deseribed in concise. mathematical
fanguage. leaving no unanswered questions as to what the plan was or how it was carried out.
The answer is plausible and talls within the acceptable range tor this problem.

-~

*
I estimate that - 19} _ oranges this size will cover the

bottom of the box.

Check your estimate. Show your work.

I found out that 1€ oranges will cover the bottom of the box.



What did you do to solve the orange problem? You may use words
or pictures to explain.

Fst T estimated Yow manyg
oranges would £+ into th
boex by using twd finger an
p(/\“’in_g +hem ik € bg sTAEe o
+wo Jlines were one o rong €,

l

2 |Then T +;m95€d+h5 NCYOST \o_y~

+the +wo line owwn oaand T
%o,\— y e.s timate,

i

a Ne.xt RY F’Ud ‘\'\'WC C\f\\p ;‘\'é\e —\5& ]'
Si10e AN A, @M“' rek> w h?.“*c. o
wosy I did +he same g<'"g doT-

4 -_FinallYI, Hmése_d, ﬂ%e,'—dé?a'&f
vy the down and T got
mj aviswern,

- ; - S e i

T .................CO..CQ.......................O...
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Sample C

Estimation problem from Alexander, Who Used To Be Rich Last Sunday.
This solution was scored as “meets acceptable standard.”

There is evidence that the need to cover the rectangular base with consistently sized markers was
understood. Although a diagram is not used. the explanation is clear enough to make the
inference that the entire base was covered with markers the size of the gum balls. It is likely that

ce..ding was used to determine the number of gum balls required to cover the bottom of the box.,

The answer falls within an acceptable range consistent given the procedure described. The
explanation is acceptable and clearly describes the actions taken.

[ esumate that .Lg_ gum balls this size

will cover the

bottom of the box.

Check your cstimate. Show your work.




What did you do to solve the gum ball problem? You may 1se
words or pictures to explain.

X - _

; €s ;maheoo ho w much

ofc_;_}zzﬁ)}(s on/CI Tover 7"/73 b ofttom

2 ‘Then yA use.cf The C'L“.,OS 7‘6 }
 Find out O//WOIIL it was *

i

|
| }
. . . .. e . m ———— = P T - - [ e — e - - e v e

v L found ot What ) e :
ANsw e 1

Doer, op ?‘/f j vch,’aoéz:[ _'?_L_"/:/fj

| v
Finally - _
hen I puf e
ooy Qns
n < % Yer
- “d oyt [ was 18,

‘|
|
|

T D...................Q..............................

¢
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Sample D

Estimation problem from Alexander. Who Used To Be Rich Last Sunday.
This solution was scored as “meets acceptable standard.”

The response shows an understanding of the need o cover the base with consistenthy sized
markers. as can be seenin the diagram. Visible markings were used. and the size of the shape is
consistent. Itis likely that the provided bingo chips were used. judging from the consisteney of
the drawing. Markers were placed on the rectangular base inan array. The markers were
counted to arrive at the answer. The answer talls within the acceptable range. Presentation of
the diagram clearly shows evidence of a plan. The explanation Tacks detail and is very hasic.
relating to the external actions taken 1o solve the problem.

I estimnate that .._,)H_ gum balls this size

bottom ot the box.

will cover the

Check your estimate. Show your work.

I found out that _..‘ 5- guin bhalls will cover the bottom of the box.

10 .
PO



What did you do to solve the gum ball problein? You may use
words or pictures to explain.




Sample E

Estimation problem from Moira s Birthday.
This solution was scored as does not meet acceptable standard.”

In this example, an attempt was made to solve the problem and the word “cover” appears to be
understood. However, the meaning of “this size™ marker was not understood. because the size of
the covering shape is inconsistent. It appears that the circles were drawn frechand. without using
any kind of marker. A second attempt at an appropriate strategy was made (by using a ruler to
measure the sides). as indicated in the explanation. Evidence of this strategy appears around the
perimeter of the rectangular base. Neither the work shown nor the explanation provide a
connection between the use of the ruler and the use of the drawn circles. further indicating only
partial understanding of the task. Finally, an answer is arrived at by counting. but it is not
plausible given the demands of the problem.

I estimate that ch slices of pepperoni this size

cover the pizza.

Check your estimnate. Show your work.




What did you do to solve the pepperoni problem? You may use

words or pictures to explain.

L | First

T took my ru‘e,r'

2 | Then

T oreurd

.Slades

;
.

& pepronie

P SN

L Counted| my cerc,/e:s




Problem 2: Recipe
Sample A

Recipe problem from Moira’s Birthday.
This solution was scored as “meets standard of excellence.”

The problem was understood and a workable strategy was selected. The plan was successfully
carried out, with accurate doubling of the ingredients and all the ingredients listed. The use of
multiplication is communicated in the final statement. The ability to explain how the solution
was arrived at indicates a clear and logical approach to the solution of the problem.

Best Chocolate Cake

@ flour

«— baking soda
<™ butter

W sugar

&l chocolate
eggs

@ milk

= NW=WNN

Makes 1 cake

The baker needs to make two birthday cakes. How would he do it?

K ®flour

I x eV(fyH"'nj by hwo and ‘+ came 0(,(} //‘ kf
this.

0000000000000 0000000000000000000000000000000000000000



Sample B

Recipe problem trom Each Orange Had 8 Slices.
This solution was scored as “meets acceptable standard.”

Clearhy. understanding of the need to double the recipe is evident. The plan was obviously to
doubld the recipe. but it is limited to the statement and does not indicate the mathematical
computation of that procedure. The answer is acceptable. but the communication offered does
not provide specitic information about whether or not the student was actually able to perform
the operation necessary to carry out the plan.

Orange Drink
3 WP orange juice
2 @ milk
2 P water
1 WP sugar

2 < vanilla
2 trays ice cubes

Makes 6 drirks

You are having a party and you need to make 12 orange drinks.
How would you do {t?

dO\\D\DO\\ Xk\\é CANY AW @)g

-~

<t




Sample C

Recipe problem from Moira’s Birthday.
This solution was scored as “meets acceptable standard .”

An understanding of the need to increase the amount of the recipe is clear. The recipe is re-
written, showing each ingredient correctly doubled. No ingredients are left out and no
computational errors are made. The communication is limited to a rewriting of the recipe with
doubled ingredients and does not include any information about the strategy used.

Best Chocolate Cake

@ flour

«— baking soda
'— butter

@ sugar

sl chocolate
eggs

& milk

- NWr=WwNN

Makes 1 cake

The baker needs to make two birthday cakes. How would he do it?

¥ flour

4 bakingSoda
6 byther

. Sugqr

b chocoate

It eggs
2 milk

16 |

LL.......Q.............................................
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Sample D

Recipe problem from Pancakes for Breakfast.
This solution was scored as “does not meet acceptable standard.”

An understanding of the need to increase the amount of the ingredients in the recipe is shown.
The number “2” is circled in an attempt to identify given information. However, understanding
the need to double the recipe is not evident. The numerical values in the recipe have been
increased consistently by one, indicating evidence of some kind of plan. The solution, although
related to the recipe and consistent with the plan, would not result in a doubling of the recipe.

Pancake Batter

@ flour

«— baking powder
— o butter

< sugar

o salt

eggs

@ milk

N W= WWNN

Makes 1 dozen pancakes

You need to make¢)dozen pancakes. How would you do it?

S o Flonl
;L+V;Oodpoon’)’ baky /Ny P2 MEY

¢ teon 5po0s bodt e

poo N9
2 "'?‘\S(’OO I"});sjgmf+
¥ £995

3 crps mylk

oe

.

i ..Q.QO..QOQQQ..QOQOQQQ.OQ....QQQQQOQ.QQQQQQ..OQ..Q.




Problem 3: Pictograph
Sample A

Graph problem from Alexander. Who Used To Be Rich Last Sunday.
This solution was scored as “meets standard of exeellence.”

The problen was analyzed and readily understood by the student. The graph and writien
explanation provide evidence of the completeness of the student’s understanding of the task. The
student used all pictures and sorted them into mutually exclusive categories (that is. items from
one group could notalso be placed in another group). The explanation given shows clear. logical
thought regarding the sorting of the items by their common attributes, and is detailed. leaving
lttle doubtas to what the student was thinking. The student carried out the plan by placing all
pictures on the graph from bottom to top. leaving no spaces and providing general categon titles,

e Cut out all of the things that Alexander wanted. Cut along the
lines.

* Sort them into 3 GROUPS on your desk.

B Explain how you sorted the things Alexander ted. \orS

T P"" Pre_ w?m\es o0 cvrocola e,
Yoeter  beawse  there  Jjunie fogol

‘becawe, ﬂ'\eY con  Orwve
T pod ‘e walkie TalK,el and  the

‘ball. fgethe~  becawe YU  Ca,
take 4hem an QA gmﬁoﬁ_‘on-

2

T ?u* e oS and cans  tgether




¢ Glue your groups to make a pictograph.

» Label and title the pictograph.

My Prefure
Title of Your

ph

7

-

Labels
19

-H\'\nas




Sample B

Graph problem = he Shopping Basket.
This solution was s -2d as . . ts standard of excellence.”

T response demonstrates a clear understanding of the task. Foods are sorted into categories
th . are mutually exclusive. The plan is carried out using all pictures and placing them on the
graph with consistent spacing. Labels given to the categories are general and appropriate

accor "ng to food groups. The sorting proc :dure is broad and reflects more than a personal
preferc e sorting rule. The explanation is basic but clear. stating the plan to sort the foads into
food groups.

* Cut out all the foods shown below. Cut along the lines.

* Sort them into 3 GROUPS on your desk.

¢ Explain how you sorted the food.

[ 30\ e) +he M by 904 groucxs

20 -




+ Glue your groups to make a pictograph.

s Label and title the pictograph.




Sample C

Graph problem from One Watermelon Seed.
This sotution was scored as “meets aceeptable standard.”

Understanding of the task was demonstrated in this response by sorting the items into three
groups and providing iubels for cach group. The sorting is based on personal food preferences—
an appropriate sorting method. However, the categories are not mutually exclusive: for
example. the peppers could have gone into ciiher the “vegetables™ group or the “don’t cat”
group. All pictures have been used and were attached to the graph from the top down as the plan
was carried out. Although a top-down layeut is not conventional graphing. it is considered
acceptabie for this fevel. The communication of the procedures used includes a simple
explanation of how the toods were sorted. almost a restatement of the category names.

* Cut out all the garden foods shown below. Cut along the lines.

¢ Sort them into 3 GROUPS on your desk.

* Explain how you sorted the garden foods.

g put
204, iV a1V v




s Glue your groups to make a pictograph.

e Label and title the pictograph

" Title of Your (}ranh

i/
7

rgiadle 4




Sample D

Graph problem from Alexander. Who Used To Be Rich Last Sunday.
This solution was scored as “meets acceptable standard.”

The graph is clearly and accurately constructed. The groups are given general and mutually
exclusive category labels, providing evidence of the student’s understanding of the task. The
categories are based on a wider classification system than personal preferences. All pictures
have been used and were attached to the graph from bottom to top. with consistent spacing as the
plan was carried out. The communication of the procedures used to solve the problem is a
restatement of the graph categories.

* Cut out all of the things that Alexander wanted. Cut along the
lines.

* Sort them into 3 GROUPS on your desk.

* Explain how you sorted the things Alexander wanted.

Some ‘fh;n9 +o eat
| 5OMC+}\in9 Thot moves

Sdetb;tg;cunm:Hkﬁ@_ugh__

-4 £




¢ Glue your groups to make a pictograph.

e Label and title the pictograph.

Title of Your Graph

25
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Sample E

Graph problem from The Shapping Basket.
This solution was scored as “‘does not meet acceptable standard.”

This response 1oes not show an un-erstanding of the task, nor an ability to sort the food into
three distinct gioups with commonalities. The items are sorted into pairs or groups of similar
foods distributea equally among the three columns. The titles appear to be a count of items in
each group rather ‘han a graph-appropriate descriptive label, further indicating a lack of
understanding of thc problem. The explanation accompanying the problem does not help to
indicate an understanding of the task.

¢ Cut out all the foods shown below. Cut along the lines.

* Sort them into 3 GROUPS on your desk.

ls Explain how you sorted the food.

T took Yhe food amd \a%ec! them ouf
and \:Q\VQA them .

J1

26




™ D..................................................

¢ Glue your groups to make a pictograph.

¢ Label and title the pictograph.

The. $oed A Plﬂ
Title of'Your Graph o
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Appendix A

Understanding
the Problem

Developing a
Plan

Carrying Qut the
Plan

Looking Baek

Grade 3 Mathematics Holistic Scoring Criteria

3

Analyzed and
readily understood
the task

Showed explicit
evidenee of a plan

Lised an efticient
and workable
strategy

Communicated the
processes needed to

solve the problem in

a clear and fogical
manner

2

LUinderstood the
task

Showed some
evidence ot a plan

Used a workable
strategs

Communicated
hasic procedures
used to solve the
problem

29

[ ]

1

Partially
understood the task

Showed little
evidence of a plan

Used an
appropriate
strategy some of
the time

Communicated an
answer that was
unclear or had little
or no connection to
the problem

0

Totally
misunderstood the
task

Showed no
evidence of a plan

Uised an
inappropriate.
unworkable
strategy

Did not
communicate an
answer to the
problem




Appendix B

Percentage of Students at Each Level

These provincial resubis show the pereentage of students demonstrating the different levels of
performance on the total assessment,

Student Achievement Percentage
Students Achieving the Standard of Excellence 4.6
Students Achieving Aceeptable Standard But Not the 674

Stndard of Exceellence

Students Not Yet Achieving Aceeptable Standard 283
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